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A bstr a ct
This pape rdes cribesthe qualitativ e e v alu atio n of for c st de stru ctio n a nd e r o sio n. c o ntr ol
w o rk atAs io c oppe r min e.
The v egetatio n r e sto r atio npr o c e s si gr a sped u sing r e m ote se n sing a nd GIS. T his datais
u sedto de velop the v egetado n r esto r atio n m odel” T he vegetatio n r e sto r atio n pr oc e s sis
e xpr e s s ed byagr o wth c u r v ethatis ap pliedtothe v esetationinde x. T he s edim ent a ndflo od
dis charge m odels a r eals ode v eloped whichc a n u s ethe r e s ultofthe vegetatio n r e sto r ation
m odel.
Unde r s o m es c e n ario s abo ut e x e c uting ?ro sio n c o ntr ol w o rk, v egetatio n r e sto r atio n
pr o c e ss, s edim e nt and 丑o od dis cha rge a r e sl m uated ぬr 2 00ye a rs. As a res ult, the s e rio tlS
innu e n c e of for e stde stru ctio n a ndthe r e m arkable cf6e ct ofe r o sio n c o ntr ol w o rk c a nbe
Se en_
I. bLtr OdtICtio n
Fore stde sけu c也o71 侃 u Se S Sedim ent aLnd flo od disasters. Onthe o也er ha nd, Ero sio n 00 ntl{)1 w o rk
plantstre es o nbareland, helpsthefo rest tobe re sto redquickly, a ndpre ve nts Ro od a nds edim ett
disa sters･ T his s evi de nt whe n we se m anypaste x a mples
･of fo restde stru ctio n a nd ero sio n contr ol
w ork. Butitis aqu alitahve evalu ation .
QuazLtitatrv苧eValu atio nof fo re stde stn lCdon and er o sio n c o ntml w o rkis n ed ed, su ch ashow m u ch
faste re ro slOn c o ntrol w o rk c eLn r CStO re the v egetado n 皿Par ed withnatural restor ation, o rho w
m u ch itdetersmo ods a nds edim e ntyield･ In o rderto m ake m o re s uitable zLndr eliableplaJIS, O rtOget
the agre m e nt ofpe ople abo ut e x ∝地 ng ero sio nco ntrol w o rk, qtn ntitadv e simdatiQ n m odels are
n eeded･ To m akequ aJltitativ e e valtLation, thefore stre stD rado n m odel, sedim entdis chage m odel, and
n∝ d dis charge modelha v eto bede v eloped･
We s ele cted Asio copper min e asa study a 陀 乱 As io coppermin eis v eryfam o u sfo r s e vereforest
destr u ctio n(Fill1,2)I A v asta re a offo r est w as s e v e relydam aged m ai nlybysulfu ro u sacidga sthat
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FIG.2 P hoto of StudyArea
had beer19血 a u sted fr o mthe sm eltery･ ltc o ntin ued fo r m o r ethan6 0ye 耶 u nti1 1956･ T heda m aged
fla eStarea e xtendedto149km2. Espe cially within32km2, allofthetre es w er elo staJldthe s oilw as
e ntirely w ashed a way. W ithin a ∞ther38km2, o nly plantsthat w er e re sist ant to s ulftlr O u S a cidgas
s u ch asba mbo graLS S re mai血ed【Macba shi fore strybu7 現 t199 0]. Withthelo 痘sOffo re st,nod and
s edim e ntdis a stershi(PPened v eryftequ ently･ Sin c e1957whenjtIStafterthedischage ofs ulftlr O u S
aLCidga s stop ped,fdl-s c ale erosio n c o ntr9l w o血 hasbe e n e x e c uted c oTltin uo tlSlyatahuge expen se･
AtdieW o rkar ea,thefo restis n o w r e sto ri ngand dis aste rshaprc nle ssfrequentlythanbefore. At
As io
,the vegetati皿 reStO r ad 孤 m Odel ha stx:e ndev eloped匹IHo nda1993]･
2. VegetJItion r e sto r
･
&tion m odel
2.1 Gro d h cu r y e
To de scritx5the v egetado71reStOlad皿 PrO 伐 S S, M its chez
-1ich's gr o w血 c uTVe dHtis ve ry popularin
gr o wthpredicB皿 Oftre eheighto rdiazrlete r【M irLOW a1990]is appliedto the vegetadα1inde x.
v
.I. - V ･I. min ' M(I - L e
- kt
) (1)
When V･Ⅰ･ m in de n otes the minim u m of the V･Ⅰ･ (13 4･5), M denote s the range of V.I.
fl廿Cm ation(102.5), Ide n otestin e, L is thefdlratio of V.I. w he nIis 2X!r O. k is a c o n stant. k is
direcdyrdatedto也m et;k is caledas a re sbI血 o m spe ed.
2･2 .G r &splng re sto ratio n pr o c e s s
Ov e rla[ylng die V egtadc dli 血 im ase and the
er osio n c D 7Itr Ol m ap, the rest 血 onpr o c e s s w as
gr asped.
FI茎S sho w sdie V elet血o n re stD r ad皿 PrC C eS Sin
thelW O rk arc h The y:egetaBo nhdex is N D VI,
w hich is s caled fro mIts ra nge Of - 1.0, 1.0 to 0,
2 561 E hps cd h e after er o sipn c o r[t ol w ork is
obtain ed fr mthe m apofe rosi o n C QrltrOIw o血 It
isdear也瓜 vcgcta6孤 hasbe e n re sto red ste adily,
and 也如 the Mitsch8dich's gr o w血 ctp e i昏
a由Iicableto the v eg:taA租 re StO rZI6o npr u e ss.
Fig･4 sho w sthe v eBetdc n re sbTa8c npr m sin
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a D on w o rk area･ T he vegetationindex of1957when the vegetadon restoring sta rted w as calcdz(td
fr o mthe1957photoint叩r etatio nim age u singthe relado n shiptxtweenintcrpretd da mas° class a nd
vegetatio tlinde7 LThe vegetado ninde x cha ngeis n ots m 00thor natural,･s o, the gr owth c urv es a re
decided u sing 1957
'
s aJld 1992
'
s data･ Restoraho n srx,eds are alln e叫 0.01(I/yr). When e a ch
starting rx'intislm ted o ndiegro wth ctm e of k=0.01(1/yr),itsho w sg∝山 fitn e ss as awhole. It
indic atesthat the resto mtionpm c e ss atno n w ork ar ea als o c a nbe e xpr es sedbytheBrO Wthc u nTe a nd
dier eStO radc mspeed is n eaq
-1yO･01(1/yr)in wholepr ∝ e s.
Inthc w o rk ar e a, V･Ⅰ･ atel叩S edyea r=1 and the value of thegr o wthctm e at t=d ar ebothhigherthm
theV･I･ r 皿ge Of bareland･ The re storation speed kin the w o rk ar e aistwic e a s m u ch as that ofthe
bareland･ T he refor e,in the w o rk a re a, rightafte rthe executio n ofer o sio n c o ntrol w ork, v egetado nis
intr∝lu c ed fir mly･ A 触rdlat, V egetatio n resto re stwic e asfasta[sin D o n w ork 打 ea.
2.3 Vegetatio n resto r atio n pr edicl:io n m odel
To m akeitpo ssible topr edictvegeta 血 r estor ado n c o n si9tring vario usco nditio n sof e a ch m e sh,
resto 血 o n speedk isd申dedas aft n ction ofc ondi也o ns u sl ng mdtir egres sion analysis ate a ch class
and ate a ch slopedir e cho n.
k = f(altitude,slopein clin atio n,ar m of w ate rshed,
poirltOfge ologyPJational La血 Age n cy1986],P R V)
2.4 P R V inde x
P R V is a ninde 互 Of 托oxi mityto Rem ainingVegetation.
p R V- ∑轟 (2)
Whe reR is distan c efr o m an oqect m e shtothe 托 mainins v egetatio n･
.
T he remaining v egetad甲
m ea nsthefo re stin1957･ T he relad 皿 Shipbetw e e nP R Vvalue andT e main mg veBぬtionis sho w n ln
Fig.5.
PRVhas ahighlypo slt V eCOrr elatio n withvegetatio n r 飴tO r ado nspeedofn o n w血 bar ela nd. Itis
c o n cldedthatvegetatio nresto l甘do nis m o redifficultin alarge block of forestlo s sthan spa血any
dispers ed bl∝ks e ve nif the e xte ntoffo re stloss 胡℃ a m aybedi e S am e1
3. Dev eloping w ate r a nd sedim ent dis charge tn ode1
3･l Wate rdis cb rge m odel
Fig.6sho w sthe elem e ntof w ate rm o v e m etltinthe md el.
Pa raJneterS Ofc r o w nite rc epBo n,e vz[po r atio n, ev apo -tra n s〆ration ar e e stim ated u singV i(Fig.7).
Soilayerdepth is es也m atedfr o mlandc o v erat1957(Fig･8)･ 触 m eterD, oisdiX=idedfro m
adapting calc ulatio nto the obs e rv ed discharge, Soilla[yerisa s u m edtogro w at2･5m 血yea q, afte r
V･I. b c o mesgre ate rthanthe r ange ofgr as sland.
Motio n equ atio n ofu ndergr o u ndno wis a sfollo w l ng.
Ql = Ks SI sin (か D L 匹ubota1987] (3)
Ql :no ∇in s oillayer
Ks :S aturatio ntra n s missio n ∝姫ffic e nt0.2c m/s ee
S : m e anof satur ation raLtio
o :押J Ⅶ 1eterthatindic ate s払Iloftr an s missio n c oeffic e ntin l q n Satur ated are a
β :gr adient
D : soilhyerdepth
L : me sh irlter Val 50m
Motion equ atio nofsu rfa c cflo wis a sfouo w l ng.
Q2 = V 2 A
v 2-去R2′3Il′2
Q2 :now ofs u rfa c ew ater
V2 : v elo city
A : cro ss- ectional 訂 ℃a
H 2 : w a(e rdepth
n :r oughn e ss of n an m ng
R :hydr a ulic m e w depth
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(4)
A ≡ H 2 L I :gradie ntofslope
whe re
R = 0･ 255 F
1 0･1 7 1Å2 B ｢shiha ra1977] (5)
賢 …3yaemuLiamar=(
de
kmq(也)
A : cross-sec血onaladlC a(m
2
)
3･2 Sedin l e nt dis cb& rge model
Sedim e ntdischargeis calc ulateda s a ver age a m n ualsedimentyieldatslopesu rface ･
E - E3 0(i.)
o'9
E : 飢Irfa a ero sio n Qfa year
ちo : s u rfa ce er osio nofaye a r whe ngr adie ntis30(deg)
+.a n&s99YieE … … J 慧醒垂聖 . 敷 仰 . 臓 … .
bar ela lld 1 145 20
gr as sland 146- 175 1
forest 176- 0.1
S :gradie ntofobject m esh(%)
S30 :tan30(°eg)= 0･5773 5
Rem aining Vegetatio rT
ba r e(a nd
T
①
PR VA > PF NB>P RVc
FI G.5P R Vno ximitytoRe maining
Vegetatio nIN D EX
-paJa m eterVallle
皿 a X lmum
valu e
Zr u n l m111n
yalue
border of bare V.I. m a x
laJlda ndgrass(237)
land(145)
∈Ie me ntofw ate r m o v o m e nt
el
e2
きC:StOr且g8 a crDW r[
EIl: 帥PO rd iorlfrE m 与C
82:ev8POtr alV'Pir曲II
R:m J n
Re: effLCIB nt rain
tree呂=.?eu%o謡巴蕊 w
Q2: su触 flo vI
R F: retLJTn伽 w
Re lv :ve佃cdin冊r曲 rL
Q2
A f
ⅠⅤ
R F E/
Ⅴ.Ⅰ.
T nl m, n aX
sc (m m) 0 2.5
el (m m/hT) 0 0.4
e2 (m m/day) 1.7 5.0
臥
sto r age ofcr owtl
e y apor atI On
e y apo-tr wpiration
(6)
dire ctio n ofw aterdis cha rge
fo r e stsoil
D (iI瓜 tratio nlayer)
hydrologl C
bedru k
F l l l
- - 一事 - ヰ ＼
- - -■■ ･ --I ＼
＼-I-･･j■ ･ ＼
l l L
～
L = 5 0m
n O･6 Stru cttlreOf WaterDis cha rge Model
Soil Depth
r)otbareland
忘 ト､
D3 0=i.05m
O
55 3 0 0
g柑die ntofslope(°eg)
FIG.8 Es tim atio nofSoil Depth
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4. Sim tllatjo n a nd e v&1u atio TL
4.I Sc ena rios
To evalu ate the effect ofe ro sion c ontr olw ork, thefollowl ngCa se sW e re a s su m ed.
Cas eI Do n othingfro m 也e startingpointofvegetation r estoratlO n(1957)
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CaselI Stope r osio nco ntrolw orkin1992
Ca seIII Comin ue e r o sio n co ntmlw orktlntilthebarela ndhasdis appe a red(u n出 2007)
Inaddito n･ calculation atn aturalstate w asdone a ss umingthzztther e w a s n ota c oprx5r min e a ndthe
w atershed w as c overed bya go od fo rest.
4.2 Vegetatio n r e sto r ation
Fig.9sho w sthe res ultofv egetaBoムresto ra血 sim dad仇 for2 ∝)year s.
Co mparing CaseI and IIatdi e West a re a, Where ero sio n c o ntml w o rkhas be e n e x e c uted athigh
priority, the effe ctofer o sio nC o ntr olw o rksis rem arh blein all thepr edicted pe丘od･
Co mparingCa s eIIand IIIatthe c e nter ar ea, wher etE:Tr ainis v eryste epa nderosio n c or[tr ol w o rksis
not?Ⅹe甲tedyet･ifer o sio n c o ntr ol w o rks were stopped n ow , dle re W Od dremain bar eland･ Butby
co ntln ung ero sion co rltrOI w o rks, v egetatio nresto r a6o nis e xpe cted･
4.3 Sedim ent yield
Fig･10sho w sthe sim ulated s edim entyieldfrom the re sultofvegetado n le StOration sim dado n.
At1957, s edim e ntカeldw a s v e rylarge c o mpar edto the n aturalstate.
Paste r o sio ncoItmlw o rkand futu re er o sio n c o n机)1w o rk hav ear e markable effecttolo we r
慧芸ni.”;ekl監蒜eevreonntoXjLngTZ.I,wmT.fioPAr e;Sワtwill412 mi 11ion m
5in2COye am ･ Fu bre er o sio n
4 A Flo od dis cb rge
Fig･11showsthe peak flo w ofsim ul呼d flo od hydroBmPhatl 00ye a rspr obable rmi･ At1957,the
peak flo wincr e ased 46 %･ Ev enife r o s10n CO ntrOIw o rk ha s a sipific a nteffe?to n sedim e nt
discharge, the r eis a n otbigeffecttolo w erthepe aknow ･■Itis cl飽rthate r o s10 nCO ntrOIw o rk helps
forestr esto r atio n a ndthe r esto r abo n ofs oillayer,but the sp俳d ofs oilc reationis veryslo w, so the
effectofero sio n c ontrolw orkon peak no wis s m a1 ･Itindic a(esthatfo re stdestruQtio nthatc a u s es
soil lo s sin cr ea s e sthen∝d peakflo wfq alo ngter m.
5. Co n clu sio J) S
A m ethodto m akequ 皿丘tativ e e valu ado n of fo restdes 加 cho n a nd er o sio nco TItr OI w o rk w as b tally
de v eloped･ Fo r e str esやrado npro α ss, sedim e ntyield, and flo od peak in 飽 Chs c e n ariois calc uhld
ande val廿ated
.
Followl ngS a r ethe re s ultofe valt ntio n.
(1)Erosio n c o ntrol w o rk ha s m akeforest re sto 血 o ntwice asfaster a s n atural r estor atio n. Ifw e
c ominue work
,
idlyfo re stre sto rad皿 is expected.
S)n怒5=kCOwn.E;iSacn7冒芸慧tfo:fZ3Ct&nT:nvte;hilndginK2d&eyni莞アId･ Pa st and Future e r o sio n
(3)Fo r estde str u c也o nthatc atlSeS SOillo s s,in cr e ase spe ak flo w s erio u slyfo r alongte rm . Wehaveto
a voids u ch afo restde struc也o n.
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